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hypertension, smoking, obesity, dyslipidemia, physical 
inactivity, and poor diet.[3,4] The relationship between the 
air pollution, temperature, relative humidity, precipitation, 
altitude, and mortality due to the diseases such as 
respiratory and cardiovascular have been identifi ed and 
reported in industrialized countries.[5-11]
There is a significant relationship between the air 
pollution and human health, rates of hospital admissions 
INTRODUCTION
Myocardial infarction (MI) is the leading cause of death 
in Iran and worldwide.[1,2] The factors eﬀ ective on the 
outcome of MI and its risk factors have been studied 
frequently in Iran and other countries. The most important 
risk factors of MI include age, gender, education, diabetes, 
Background: Th is study aimed to determine the relationship between the environmental factor, clinical risk factors, and individual 
variables with mortality due to acute myocardial infarction (MI) in Isfahan. Materials and Methods: Th is cross-sectional study was 
performed between April 2012 and March 2013. Th e data on the patients’ mortality due to MI in Isfahan were obtained from the 
MI National Registry. Th e international classiﬁ cation system (ICD10: I21-I22) was used to diagnose MI. Th e air quality indicators 
and environmental variables were used to measure the air pollution. Multilevel logistic regression in the Stata software was used 
to determine the factors associated with mortality in patients and odds ratios (ORs) were calculated. Results: Six hundred eleven 
patients with MI were studied during 1-year. 444 (72.2%) patients were male and the rest were female. 4.7% of the patients died due to 
MI. Th e mean age at MI incidence was 62.2 ± 13 years. Of the air pollution parameters, PM10 had the maximum mean concentration 
(49.113 ppm), followed by NOX, NO, NO2, CO, SO2, and O3. Th e adjusted OR of mortality was derived 2.07 (95% CI: 1.5-2.85) for 
right bundle branch block, 1.5 (95% CI: 1.3-1.7) for ST-segment elevation MI, 1.84 (95% CI: 1.13-3) for age, 1.06 (95% CI: 1.01-1.20) 
for CO, 1.1 (95% CI: 1.03-1.30) for O3, and 1.04 (95% CI: 1.01-1.4) for SO2, all of which were considered as the risk factors of mortality. 
However, OR of mortality was 0.79 for precipitation (95% CI: 0.74-0.84) and 0.52 for angioplasty (95% CI: 0.4-0.68) were considered as 
protective factors of mortality. Th e individual characteristics including age, history of MI in the immediate family, hypertension, and 
diabetes were signiﬁ cantly associated with mortality from MI. Th e indices of air pollution including SO2, CO, O3, and environmental 
factors such as the precipitation and temperature were the determinants of mortality in patients with MI. Conclusion: With regards 
to the factors associated with mortality from MI reported in this study, air pollution and environmental factors, in addition to the 
risk factors and predictive factors, should be particularly addressed to control the mortality from MI.
Key words: Acute myocardial infarction, air pollution, mortality
Address for correspondence: Dr. Ali Ahmadi, Department of Epidemiology and Biostatistics, Modeling in Health Research Center, School of 
Health, Shahrekord University of Medical Sciences, Rahmatieh, Shahrekord, Iran. 
E-mail: aliahmadi2007@gmail.com
Received: 14-06-2015; Revised: 18-08-2015; Accepted: 01-09-2015
O
R
IG
IN
A
L
 A
R
T
IC
L
E
This is an open access article distributed under the terms of the 
Creative Commons Attribution-NonCommercial-ShareAlike 3.0 
License, which allows others to remix, tweak, and build upon 
the work non-commercially, as long as the author is credited 
and the new creations are licensed under the identical terms.
For reprints contact: reprints@medknow.com
Access this article online
Quick Response Code:
Website: 
www.jmsjournal.net
DOI: 
****
How to cite this article: Sadeghi M, Ahmadi A, Baradaran A, Masoudipoor N, Frouzandeh S. Modeling of the relationship between the environmental 
air pollution, clinical risk factors, and hospital mortality due to myocardial infarction in Isfahan, Iran. J Res Med Sci 2015;20:757-62.
Sadeghi, et al.: Air pollution and myocardial infarction
Journal of Research in Medical Sciences| August 2015 | 758
and mortality.[12-15] Air pollution has the serious side eﬀ ects in 
some populations such as the elderly, children, the patients 
with cardiovascular disease, and pregnant women.[16,17] The 
negative eﬀ ects of air pollutants on pregnancy interval and 
miscarriage have been reported in Isfahan, Iran, as well.[18] 
According to some studies, there is a signifi cant relationship 
between the air pollutants and MI, while other studies have 
reported no association.[16,19]
The relationship between the nontraditional risk factors 
such as air pollution, clinical, and individual risk factors and 
mortality due to MI in Isfahan as the largest metropolitan 
area in central Iran has not been yet established clearly. Thus, 
the necessity of this research relates to the need to provide 
evidence on the relationship between the air pollution and 
meteorological parameters, and MI and associated mortality 
in this metropolitan area.
This study aimed to determine the odds ratio (OR) for 
mortalities associated with air pollution indicators and 
environmental factors and to identify the model of mortality 
risk factors in patients with MI in Isfahan.
MATERIAL AND METHODS
This research is a descriptive-analytical study performed 
between April 2012 and March 2013. Individual data 
related to mortality in the patients with MI in Isfahan 
were gathered from the MI National Registry. The study 
was approved by the Center for Noncommunicable 
Diseases Control and Department of Cardiovascular 
Diseases Prevention, Iran Ministry of Health and 
Medical Education (Approval no: 305/837) and has been 
obtained from a PhD thesis of Epidemiology by the 
corresponding author at Shahid Beheshti University 
of Medical Sciences (Grant no: 1392-1-85-12129). The 
international classification system (ICD10: I21-I22) 
was used to diagnose the MI. Individual data of the 
patients admiĴ ed to Isfahan hospitals were collected and 
recorded on a daily basis. The patients were followed 
up until they died from a MI or were discharged from 
the hospital. Defi nitive diagnosis of acute MI was done 
by a cardiologist and according to the World Health 
Organization criteria.[19] Other demographic variables 
such as age, gender, education, and risk factor variables 
such as history of diabetes, hypertension, smoking, and 
clinical variables such as type of MI and its side eﬀ ects 
were collected as individual-clinical variables.
The data of air pollution in Isfahan were gathered on a daily 
basis from Ahmadabad, Azadi, Sepah, Azadegan, Segzi, 
Vali-e-Asr, Vahid, and Khajoo air quality control stations 
aﬃ  liated with the Environment Protection Organization. 
Meteorological variables such as air temperature (minimum 
and maximum), relative humidity, precipitation, and 
altitude were also gathered from the meteorology stations 
in Isfahan. The mean of meteorological variables and PM10, 
NO2, CO, SO2, and O3 were used for air quality assessment.
Each pollutant concentration in each station was converted 
to air quality index (AQI) using the equation below on a 
daily basis. The air pollutant breakpoints are shown in 
Table 1.[20]
Where:
IP = The (air quality) index,
CP = The pollutant concentration,
BPHi = The concentration breakpoint that is ≥ Cp,
BPLo = The concentration breakpoint that is ≤ Cp,
IHi = The ind ex breakpoint corresponding to BPHi, and
ILo = The index breakpoint corresponding to BPLo.
The two-level logistic regression modeling was used 
to determine the relationship among air pollution, 
meteorological, and individual variables in the patients. OR 
was used to determine the mortality factors as the dependent 
variables. Individual variables of patients were considered 
as the fi rst level, and local variables and hospital admission 
as the second level. Individual variables for the fi rst level, 
and air pollution and meteorological variables for the second 
Table 1: Classes of pollutants’ concentration for AQI calculation
Levels of health concern AQI Break point
NO2 
(ppm) 1 h
SO2 (ppm) 
24 h
CO (ppm) 
8 h
PM10 (μg/m3) 
24 h
PM2.5 
(μg/m3) 24 h
O3 (ppm) 
1 h
O3 (ppm) 8 h
Good 0-50 — 0.0-0.034 0.0-4.4 0-54 0-15.4 — 0-0.059
Moderate 51-100 — 0.035-0.144 4.5-9.4 55-154 15.5-25 — 0.06-0.075
Unhealthy for sensitive groups 101-150 — 0.145-0.224 9.5-12.4 155-254 25.1-65.4 0.125-0.164 0.076-0.115
Unhealthy 151-200 — 0.225-0.304 12.5-15.4 255-354 65.5-150.4 0.165-0.204 0.116-0.274
Very unhealthy 201-300 0.65-1.24 0.305-0.604 15.5-30.4 355-424 150.5-250.4 0.205-0.404 0.125-0.374
Hazardous 301-400 1.25-1.64 0.605-0.804 30.5-40.4 425-504 250.5-350.4 0.405-0.504 Use O3 (ppm)
401-500* 1.65-2.04 0.805-1.004 40.5-50.4 505-604 350.5-500.4 0.505-0.604 1 h
*Probable very hazardous. AQI = Air quality index
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level were entered into the model. The confi dence interval 
95% and Stata soĞ ware (Stata Corp. 2011. Stata statistical 
soĞ ware: Release 14. College Station, Stata Corp LP, TX, 
USA) were used to calculate the OR. The independent 
t-test and Chi-square were used for data analysis. First, the 
univariate analysis and then the multiple analyses were 
performed, and the adjusted ORs were reported.
RESULTS
A total of 611 patients with acute MI were studied during 
a year. 444 (72.2%) patients were male and the rest were 
female. 7.4% of the patients incurred on hospital mortality 
from acute MI. The mean and standard deviation (SD) 
outbreak age of MI in Isfahan metropolis in men, women, 
and all patients were 68 ± 12.3, 60 ± 13.9, and 13 ± 2.62 years, 
respectively. The maximum mortality rate was obtained in 
spring (2.41%). The demographic and clinical risk factors 
in the studied patients for mortality from MI are shown in 
Table 2.
Mean (±SD) daily O3, NO, PM10, and SO2 was derived, 
respectively, 0.059 ± 0.036, 30.15 ± 13.9, 113.49 ± 69, and 
2.16 ± 10.48. The mean of air pollution parameters and 
meteorological variables in Isfahan are shown in Table 3. 
Of the air pollution parameters, PM10 had the maximum 
mean concentration (49.113 ppm), followed by NOX, NO, 
NO2, CO, SO2, and O3.
The number of unhealthy (AQI = 151-200) samples for NO2, 
SO2, CO, PM10, and O3 was obtained 21, 33, 4, 31, and 142, 
respectively. PM10 was derived hazardous only 3 times. The 
sum of calculated AQI for each pollutant in each class in all 
eight Isfahan stations was calculated according to Table 4. 
The greatest number of AQI was obtained as a good range 
for CO and NO2, moderate for PM10 and SO2, and unhealthy 
for O3.
The adjusted OR of mortality was derived 2.07 (95% CI: 1.5-
2.85) for right bundle branch block, 1.5 (95% CI: 1.3-1.7) for 
ST-segment elevation MI, 1.84 (95% CI: 1.13-3) for age, 1.06 
(95% CI: 1.01-1.20) for CO, 1.1 (95% CI: 1.03-1.30) for O3, and 
1.04 (95% CI: 1.01-1.4) for SO2, all of which were considered 
as risk factors of mortality. However, OR of mortality 
was 0.79 for precipitation (95% CI: 0.74-0.84) and 0.52 for 
angioplasty (95% CI: 0.4-0.68) were considered as protective 
factors of mortality. The individual characteristics including 
age, history of MI in the immediate family, hypertension, 
and diabetes were signifi cantly associated with mortality 
from MI. The indices of air pollution including SO2, CO, 
O3, and environmental factors such as the precipitation and 
temperature were determinants of mortality in patients with 
MI. Determinant ORs for mortality in patients with MI are 
shown in Table 5.
DISCUSSION
MI mortality determinants’ ORs due to the personal, 
environmental factors, and air pollution indicators were 
simultaneously calculated and reported in this study. 
This study showed that the demographic and clinical 
risk factors in patients with MI, was the most important 
predictor of mortality in patients. Also, although SO2, O3, 
CO, and precipitation had an approximately signifi cant 
Table 2: Demographic and clinical characteristics under 
study
Characteristics Frequency (%) P*
Total Death Survival
Gender
Men 444 (72.7) 16 (55.2) 428 (73.5) 0.029**
Women 167 (27.3) 13 (44.8) 154 (26.5)
Smoking
Yes 174 (28.4) 9 (31) 165 (28.3) 0.449**
No 437 (71.52) 20 (69) 17 (71.6)
Hypertension
Yes 220 (36) 17 (58.6) 203 (34.8) 0.009**
No 391 (63.9) 12 (41.3) 379 (65.2)
Diabetes
Yes 132 (21.6) 8 (27.6) 124 (21.3) 0.009**
No 479 (78.4) 21 (72.4) 458 (78.6)
High cholesterol
Yes 104 (17.1) 3 (10.3) 101 (17.3) 0.001**
No 507 (82.9) 26 (89.7) 481 (82.6)
STEMIa
Yes 438 (71.7) 16 (55.1) 422 (72.5) 0.001**
No 173 (28.3) 13 (44.9) 160 (27.5)
Season
Spring 165 (27) 11 (37.9) 154 (26.4) 0.479**
Summer 156 (25.5) 8 (27.6) 148 (25.4)
Autumn 118 (19.3) 4 (13.8) 114 (19.6)
Winter 172 (28.1) 6 (20.7) 166 (28.5)
Hospital stay (day) 7.2±16  8.1±16 7.2±16 0.781***
Age (year) 62.2±13 70.5±14 61.8±13 0.001***
*P < 0.05 was signifi cant; **Chi-square; ***Independent t-test; aSTEMI = ST-segment 
elevation myocardial infarction
Table 3: Descriptive indices of air pollution and 
meteorological variables
Variable Maximum Minimum Mean ± SD
O3 (ppm) 0.229 0.003 0.059±0.036
NO (ppm) 178.1 6.9 30.15±13.9
NO2 (ppm) 74.1 0.004 12.84±18.26
NOX (ppm) 122.3 6.3 46.41±22.44
SO2 (ppm) 78.4 0.001 2.16±10.48
CO (ppm) 26.2 0.88 7.49±6.57
PM10 (μg/m3) 638.3 19.4 113.49±69
Temperature (°C) 32 1.3 23.9±2.7
Relative humidity (%) 37 23 26.04±4
Precipitation (mm) 634.3 117.6 201.5±125
Altitude (m) — — 1520±270
SD = Standard deviation
Sadeghi, et al.: Air pollution and myocardial infarction
Journal of Research in Medical Sciences| August 2015 | 760
role in the model of factors associated with mortality 
alongside other variables, other air pollution indices 
had no decisive and eﬀ ective role in the mortality of 
the patients with heart aĴ ack. In a meta-analysis, it was 
reported that the gaseous pollutants had an important 
role in the increased risk of diabetes as compared to the 
particles.[4]
The result of our study appears to be in line with the above 
study. In a study in Gothenburg, Sweden, the reverse eﬀ ect 
of temperature and hospital MI admission were obtained,[11] 
which is consistent with the present study. The results of 
our study are also consistent with a study in Tehran, Iran, 
reporting a direct correlation between the air pollution 
and incidence of MI.[12] A study reported that PM2.5 had a 
direct relationship with arrhythmias, atrial fi brillation, and 
pulmonary embolism. NO2 also led to an increase in the risk 
of MI. However, air pollution, with the increase of segment, 
generally had no signifi cant eﬀ ect on MI and stroke.[18] 
The results of our study are consistent with these studies. 
A study reported that there was an inverse relationship 
between the O3 and out-of-hospital mortality from coronary 
heart disease. However, there is a direct relationship with 
acute hospital MI, especially for women, the elderly and 
patients with chronic diseases.[21] In our study, O3 was found 
to be an important risk factor for hospital mortality from 
acute MI, which corresponded with the reference study.
A study in Tehran, Iran reported that air pollutants, 
especially PM10, SO2, NO2, and NOX, played an important 
role in the development of multiple sclerosis.[22] Therefore, 
these pollutants were determinant in our study. Early 
diagnosis and predisposing factors play an important 
role in the prevention and control of cardiovascular 
diseases.[23] Therefore, it seems necessary to avoid the 
cardiovascular disease through monitoring and evaluation 
of air pollution and programming to prevent and control. 
A study in Tabriz, Iran showed that with the increase by 
10 mg/m3 in concentration of O3, NO2, and SO2, the risk 
of heart aĴ ack increased by about 0.58, 0.38, and 0.44%, 
respectively. Moreover, these emissions led to increased 
hospital admissions due to a heart aĴ ack.[24] Our study is 
in agreement with the study of Tabriz.
In a study in Kerman, Iran the relationship between the 
mortality from cardiovascular diseases and air pollution 
was investigated by Poisson regression (crude and 
adjusted). Statistical analysis in the initial regression only 
showed an association between ozone and mortality due 
to the cardiovascular disease in women. Mortality was 
higher in women with cardiovascular disease with an 
increase in ozone. However, in both crude and adjusted 
regression models, there was no relationship between the 
Table 5: OR for in-hospital mortality associated factors 
in patients by multi-level analysis model
Level Characteristics OR:95% CI P
Level 1: 
Individual
Age (year) 1.84:1.13-3.00 0.001*
Gender (women) 0.61:0.25-1.49 0.288
Education
Illiterate Reference
Primary 0.85:0.76-0.97 0.001*
School 0.76:0.97-0.94
High school 0.84:0.72-1.00
University 1.16:0.94-1.43
Smoking 1.22:1.09-1.36 0.01*
Family history 2.19:1.97-2.43 0.001*
Diabetes 1.20:1.07-1.35 0.01*
Hypertension 1.99:1.44-2.30 0.001*
PCI 0.52:0.40-0.68 0.001*
Lack of thrombolytic 1.99:1.70-2.21 0.001*
Chest pain 5.27:4.63-5.99 0.001*
RBBB 2.07:1.50-2.85 0.001*
VT 1.79:1.50-2.13 0.001*
STEMI 1.52:1.31-1.72 0.001*
Heart failure 1.77:1.51-2.07 0.001*
Level 2: 
Covariates
Temperature minimum (°C) 1.04:1.01-1.20 0.048*
Temperature maximum (°C) 0.97:0.93-1.02 0.845
Humidity (%) 0.98:0.96-1.01 0.754
Precipitation (mm) 0.79:0.74-0.84 0.01*
Altitude (m) 0.98:0.95-1.02 0.868
SO2 (ppm) 1.04:1.01-1.40 0.038*
O3 (ppm) 1.10:1.03-1.30 0.045*
PM10 (μg/m3) 1.00:0.99-1.01 0.864
CO (ppm) 1.06:1.01-1.20 0.049*
NO2 (ppm) 0.98:0.94-1.06 0.745
Variance Level 2 variance 0.19:0.07-0.46
Likelihood 
ratio test
Compared to the previous 
model
6328 P>χ2 
(15)a:0.000
AIC** 12,706
aDegree of freedom; *P value was significant; **Akaike’s information criterion. 
PCI = Percutaneous coronary intervention; RBBB = Right bundle branch block; 
VT = Ventricular tachycardia; STEMI = ST-segment elevation myocardial infarction; 
OR = Odds ratio; CI = Confi dence interval
Table 4: The number of samples for AQI in each of pollutant in all meteorological stations
Index 0-50 
Good
51-100 
Moderate
101-150 Unhealthy 
for sensitive groups
151-200 
Unhealthy
201-300 Very 
unhealthy
301-500 
Hazardous
PM10 (24 h) 80 579 124 33 4 3
CO (8 h) 916 247 9 21 100 1
SO2 (1 h) 276 395 39 4 0 0
NO2 (1 h) 713 272 398 31 0 0
O3 (8 h) 71 67 84 142 50 0
AQI = Air quality index
Sadeghi, et al.: Air pollution and myocardial infarction
Journal of Research in Medical Sciences | August 2015 |761
increased pollution and mortality from cardiovascular 
patients and no signifi cant association between the air 
pollution and cardiovascular mortality.[25] In Tehran, the 
eﬀ ects of air pollution on the emergency admissions for 
the cardiovascular and respiratory disease have been 
studied. Results have shown that increased levels of CO 
and O3 during two consecutive days resulted in a signifi cant 
increase in the emergency admissions of cardiovascular 
patients on the 3rd day. In addition, the increased levels of 
O3, PM2.5, NO2, and CO contributed to increased admissions 
due to respiratory disease in the emergency centers.[26] In 
an important study, the exposure to the particle and ozone 
could contribute to the decrease in vagal tone, and resulted 
in reduced heart rate variability (HRV).[27]
In a study in Boston, the USA, the association between 
the ambient air pollution and HRV was investigated and 
a reduction of HRV was seen. Our results correspond 
with the Boston study and ozone contributed to the 
modeling of the determinants of mortality. In fi ve cities in 
Europe, the relationship between the air pollution and MI 
survivors was studied. The results showed that there was 
a relationship between the air pollution and readmissions 
in MI survivors.[28] In another study in Tehran, Iran the 
relationship between air pollution and admissions for 
cardiac and respiratory disease was examined. It was 
observed that carbon monoxide and particulate maĴ er with 
higher than standard levels are the main components of air 
pollutants. The results show that the number of patients 
hospitalized for heart and respiratory diseases is positively 
associated with the concentration of CO, NO2, SO2, and 
PM10.[29] In Kaohsiung, Taiwan, the relationship between air 
pollution and heart aĴ acks in the single- and two-pollutant 
models were investigated. The results showed a signifi cant 
correlation between the levels of PM10, NO2, SO2, CO, and 
O3, and cerebral hemorrhagic strokes and ischemic strokes 
in the single-pollutant models on hot days (more than 20°C). 
Also, in the single-pollutant models on cold days (below 
20°C), a signifi cant relationship was observed only between 
the CO and ischemic strokes. In the two-pollutant models, 
PM10 and NO2 simultaneously had a relationship with MI 
and stroke. The eﬀ ects of CO, SO2, and O3 in most cases 
were not signifi cant when NO2 or PM10 was controlled.[30]
A study in Canada has analyzed the relationship between 
the air pollution and the number of cardiac and respiratory 
visits in the emergency department. The analysis has 
shown a consistent relationship between the average daily 
concentrations of CO and NO2, and cardiac visits, and ozone 
concentration and respiratory visits. Also during warm 
seasons, there was a high correlation between PM10 and PM2.5, 
and visits to patients with asthma.[31] The knowledge of the 
role of environmental and biological factors could be used to 
improve the prevention measures and educational strategies, 
especially in people at risk of diseases. A limitation of the 
present study was a failure to gather the data on ejection 
fraction as it is one of the predictive factors of mortality, 
needing to be addressed in future studies. Prospective cohort 
study and follow-up of the patients for the event of interest at 
frequent intervals are recommended in future investigations. 
Implementing educational strategies, motivating people 
to visit doctors early, and increasing access to treatment, 
especially in the individuals at MI risk could reduce the 
mortality due to MI.[32,33]
CONCLUSIONS
In the present study, the association of individual and clinical 
risk factors, as well as, air pollution indices with mortality in 
MI patients was investigated. The risk factors and predictive 
factors signifi cantly associated with mortality from MI were 
reported, as well. Together, the air pollution indices, in 
addition to the risk factors, and predictive factors, should be 
particularly addressed to control the mortality from MI. This 
study and clinical studies of patients with acute MI show 
that the individual risk factors are signifi cant predictors 
of mortality in patients. The present study showed that 
although SO2, O3, CO, and precipitation contributed nearly 
signifi cantly to the model of mortality-associated factors 
alongside other variables. Other air pollution indices had 
no decisive and eﬀ ective role in MI mortality.
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